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PROCEEDINGS 

OF THE 

AMERICAN PHYSICAL SOCIETY. 

MINUTES OF THE TWENTY-SEVENTH MEETING. 

A REGULAR meeting of the Physical Society was held in Fayer-
weather Hall, Columbia University, New York City, on Saturday, 

February 25, 1905. President Barus presided. 
The following papers were presented : 
1. Color in Platinum Films, Isabelle Stone. 
2. On the Properties of Magnets Made of Hardened Cast Iron,1 B. O. 

Peirce. 
3. The numbers and gradations in size of the nuclei of dust-free air 

energized, or not, by X-rays or other radiation, with remarks on the 
physical structure of air, Carl Barus. 

4. Note on the condensation phenomena of the enclosed steam jet, 
with their bearing on the physical structure of dust-free air, Carl Barus. 

5. Application of the Electron Theory, C. B. Thwing. 
6. The Effect of Pressure upon the Resistance of Selenium Cells, 2 F. 

C. Brown. Presented by A. P. Carman. 
On motion the Council was requested to consider a plan for holding 

an informal dinner in connection with the meetings of the Society. 
Adjourned. ERNEST MERRITT, 

Secretary. 

T H E SPECIFIC H E A T OF A I R AT L O W TEMPERATURES. 

BY J. S. SHEARER AND R. C. FENNKR. 

A DETERMINATION of the mean specific heat at constant pressure of 
air from 180 C. to — 1600 C. was made by Witkowski,3 using air 

compressed in cylinders, cooled, and then passed through a calorimeter. 
The curve of cooling for the calorimeter was taken just before passing in 
the air also during and after the flow. The difficulties in this method 
are obvious and a constant temperature method was sought in order to 
eliminate one great source of trouble. 

A careful series of determinations of the heat of vaporization of air by 
Messrs. Fenner and Richtmyer has shown that for a considerable range 

1 Read by title. 
2 Read in abstract by the secretary. 
3Phil. Mag., 1896, 42, 1. 
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of variation in composition the heat of vaporization is very nearly con
stant. Liquid air may be vaporized by the energy from a current of air 
instead of an electric current and the mean specific heat thus determined. 
Air at room temperature was passed from a compression cylinder through 
a coil of copper tubing immersed in liquid air in a Dewar bulb. The 
amount of air passed through the coil and the amount vaporized was 
measured by two gas meters and the temperature drop wras observed by 
means of a steel constanton thermo couple. In order to make the evap
oration by causes other than the air current as small as possible thin 
glass tubes were used to carry the air through the stopper and these were 
joined to the metal tube below the surface of the liquid. These lead 
tubes were jacketed and the thermo junction were placed as close as pos
sible to the surface of the liquid. The thermal E.M.F. wras measured by 
the potentiometer method, using a cadmium cell and a sensitive galvano
meter. The flow of gas was controlled by a needle valve and the spot 
of light from the galvanometer mirror could be kept at zero for several 
minutes without changing the air current. 

The meters were read by taking flash-light photographs during and 
between the runs so that correction could be made for the loss rate due 
to conduction. 

Owing to lack of time the results have not been worked up fully as 
yet but it is evident that no material change in the specific heat of air is 
to be expected for a range of 1800. The following values are subject 
to slight correction when the thermo element and loss rate have been 
studied more in detail. 

Run No. 1 Range of temperature 178° specific heat .2220 
" " 2 " " 182° " " .2301 
» " 3 " " 180° " " .2340 
" » 4 " " 184° " " .2222 

Regnault's value 180 2374 

Witkowski 20° to 98° 2372 
16° " — 77° • • 2374 
17° " —102° 2372 
18c " - 1 7 0 ° 2427 

A D I R E C T MEASUREMENT OF THE THOMSON THERMOELECTRIC 

COEFFICIENT IN S O F T IRON.1 

BY E. H. HALL. 

THIS coefficient is the factor by which the absolute temperature of 
the metal at any section must be multiplied in order to find the 

amount of heat reversibly generated or absorbed per second by one 
1 Abstract of a paper presented at the meeting of the Physical Society and of Section 

B of the American Association for the Advancement of Science of Philadelphia, Decem
ber 28, 1904. 
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ampere flowing at the section considered between points differing from 
each other one centigrade degree in temperature. 

Attempts at direct measurements of this coefficient in any metals have 
been few, as the Thomson effect is small and difficult to measure. Bat-
telli, who was perhaps the only one before Professor Hall to attempt this 
measurement with iron, got for the coefficient the value 32 x io~9. 
Professor Hall finds the value 76 x io~9, more than twice as great as 
the number found by Battelli. Professor Hall's method was to place two 
similar iron rods, each about 20 cm. long and 1 cm. in diameter in the 
part studied, side by side, with one end of each rod in ice water and the 
other end of each in boiling water, and to send a strong electric current, 
25 amperes, from cold to hot in one bar and from hot to cold in the 
other bar. With this arrangement, which is similar to that used by other 
investigators of the Thomson effect, the current generated more heat in 
one bar than in the other bar, and this made the slope of temperature 
different in the two bars. The difference of temperature slope at different 
parts of the two bars was measured by means of thermoelectric couples 
consisting of fine wires of copper and german-silver joined together at 
their ends and wound on the bars. With such a device and with a sen
sitive galvanometer it is not difficult to detect one five-thousandth part of 
a centigrade degree of temperature. From the differences of tempera
ture slope thus found, taken with the electrical and thermal conductivi
ties of the iron, the Thomson effect coefficient defined above was cal
culated. 

Such investigations have an important bearing on the interesting 
question of the way in which heat is converted into electrical energy in 
the thermoelectric current. This question was the subject of Professor 
Hall's vice-presidential address before Section B of the association on 
December 29, 1904. 

N O T E ON T H E U S E OF SENSITIVE QUADRANT ELECTROMETERS. l 

BY J. C. MCLENXANT. 

I N making measurements upon the conductivity of a gas by means of 
a highly sensitive electrometer such as the Dolezeleck type of 

instrument the writer has frequently experienced considerable delay 
and inconvenience on account of the disturbance imparted to the 
needle by simply breaking the earth connection to the free quadrants. 
Even comparatively small oscillations imparted to the needle in this way 
require from half a minute to three or four minutes to subside and this 
period though not long is still often quite sufficient to prevent observa-

1 Abstract of a paper presented at the Philadelphia meeting of the Physical Society on 

December 30, 1904. 
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tions upon the conductivity of a gas under specially interesting circum
stances. 

For example in studying the decay of activity induced in a body by 
exposure under negative electrification to the emanation from radium, 
thorium or other similarly active substances, it is highly desirable to 
make observations on the intensity of activity as soon as possible after 
the exposure has ceased and as any initial oscillations set up in the 
needle on breaking the earth connection must necessarily delay these 
until the initial stages of the decay of activity are past, it is most desir
able to take every precaution to eliminate the disturbances as far as 
possible. 

Such disturbances are in great measure due, as many experimenters 
have noticed, to electrostatic effects caused by the approach of the ob
server's body or even his hand in the process of breaking the earth con
nection and in order to avoid them it has become the practice to sur
round the electrometer and the testing apparatus with earth-connected 
metallic screens, and also to make and break the earth connection to 
the quadrant by keys of a special form which the observer can operate 
from a distance by means of strings or other connections. In using the 
different keys, however, which have come to his notice the writer found 
that with electrometers of high sensitiveness, small though relatively im
portant initial disturbances still existed and arose from a variation in the 
capacity of the measuring system caused by the action of the key itself 
when the earth connection was broken. In order to overcome this de
fect it was only necessary to take special precautions in the construction 
of the key to reduce this variation in capacity to a minimum. 

With the modifications which are described below it was found possible 
when all parts of the apparatus were well screened to break the earth con
nection to the quadrants without any observable oscillations being set up 
in the needle. As a consequence measurements could be made upon the 
conductivity of a gas at any instant with the greatest possible accuracy. 

The general arrangement of apparatus adopted by the writer in meas
uring the conductivity of a gas is shown in Fig. 1. The receiver A 

* / 

Fig. 1. 

which contains the gas whose conductivity is to be measured rests on 
insulating supports and is connected to a battery of small storage cells. 
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It is provided with an ebonite plug B, which carries an earth connected 
brass tube C. This tube in turn also carries a second ebonite plug which 
supports the exploring electrode D. The tube C and the electrode D 
penetrate a small wooden box E lined with tin foil also connected to 
earth and connection is made at i^with the contact key of special form. 
The electrometer is supported in a box of wood lined with tin foil con
nected to earth and its free quadrants are connected to the key / b y a 
wire supported by ebonite plugs in an earth-connected brass tube which 
at one end penetrates the box containing the key and at the other that 
containing the electrometer. 

The key of special form is 
shown in Fig. 2 and consists of 
two brass parts A and B held by 
means of the ebonite support C 
with their parallel faces as close 
together as possible without 
touching. The wrhole is sup
ported against the tin foil lining 
on the top of the box by the nut 
E and this, of course, keeps the 
upper part A always connected 
to earth. Both parts A and B 
as shown in the figure are pierced 
by a small opening lesss than a IL^^^^JI^*^^-amx*4%£!&Jk 
millimeter in diameter and the Fig. 2. 
earth connection to the quadrants 
is made or broken by inserting or withdrawing a fine rigid steel wire Z>, 
which moves freely through this opening. The wire D may be tipped 
with platinum if desired, but in practice, this precaution was not found 
necessary. It will be readily seen that with this device the earth con
nection can be broken with practically no variation in the capacity of 
the measuring system. By using this key and making the arrangements 
described above for screening off electrostatic induction it has been found 
quite immaterial whether the earth connection is broken by hand or by 
means of strings operated from a distance. In either case the process is 
not followed by any disturbance of the needle. All initial oscillations 
are entirely eliminated and the needle although starting from rest at the 
moment the contact is broken almost immediately assumes a steady rate 
and its motion may be taken as a measure of the conductivity of the gas 
at the instant the quadrants are freed. 
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O N THE DECAY OF EXCITED RADIOACTIVITY FROM NATURAL GASES.1 

BY MISS L. B. JOHNSON. 

I N a recent paper by Professor J. C. McLennan " On the Radioactivity 
of Mineral Oils and Natural Gases " 2 it was shown that the natural 

gases of Ontario contain an emanation which is similar to that found 
by other investigators in the gases contained in certain spring waters and 
in the air drawn from the surface layers of the earth, and which, from 
its rate of decay as well as that of the radioactivity excited in bodies 
exposed to it, bears a strong resemblance to the emanation from radium. 

In a paper by Miss Brooks3 the results are presented of a series of 
measurements on the radiation from rods rendered radioactive by exposure 
to the emanation from thorium, radium and actinium. In this paper it 
is shown that, in the case of rods exposed for short periods to the ema
nation from thorium the radiation at first increases, reaching a maximum 
in about two hours after removal, and then decays according to an ex
ponential law. A similar result was obtained with rods exposed to the 
emanation from actinium, the only difference being that the maximum 
intensity wTith this substance is reached in about ten minutes after 
removal. But when the rods were exposed to the emanation from 
radium, it was found for all exposures that there was a rapid initial de
crease in the intensity of the radiation for the first ten minutes ; after 
which it remained constant for a length of time which decreased with 
the increase in the period of the exposure ; then it dropped gradually 
and approached a zero value. 

From these results it is evident that activities excited in rods by ex
posure to radium, actinium or thorium have certain characteristics by 
which they may be definitely distinguished. 

The experiments described in this paper were carried out in order to-
examine more closely the emanation found in the natural gases mentioned 
above, and to throw further light on the question whether the radio
activity was due to the presence of the emanation from radium or due to 
the materials themselves possessing the intrinsic property of radioactivity 
The behavior of the emanation was studied and a series of curves obtained 
showing the decay of the radiation due to the excited activity on rods 
exposed for different periods in the gas. It was found for all exposures 
that the activity dropped at first and reached a steady state which length
ened as the period of exposure was shortened. It then gradually died 
down to and approached a zero value. These curves are very similar to 

1 Abstract of a paper presented at the Philadelphia meeting of the Physical Society on 
December 30, 1904. 

2 Paper presented at International Electrical Congress at St. Louis, September, 1904. 
3 Philosophical Magazine, September, 1904. 
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those given by Miss Brooks for rods exposed to the emanation from 
radium and, therefore, support the theory that the emanation found in 
the natural gases dealt with is due to the presence of radium at their 
source. Moreover, Professor Rutherford in his work on il Radioactivity M1 

gives results showing that the amount of activity excited on a rod exposed 
to the emanation from radium is always directly proportional to the 
amount of emanation present. To see if this was true of the active 
emanation in natural gases, exposures of the same period were made in 
the same gas on different days and it was found that, as the activity of 
the emanation decreased, there was always a proportionate decrease in the 
amount of activity which it excited. 

The gas under investigation was confined in a cylinder about 60 cm. 
long and 25 cm. in diameter. Brass rods were suspended in the gas by 
insulating supports, and connected to the negative terminal of a Toepler-
Holtz machine, which maintained a potential of 11,000 volts. After 
exposure the rods were inserted in a second receiver of the same size 
through which a gentle current of air was drawn in order to remove any 
emanation adhering to them. Their activity was then determined by 
means of measurements upon the conductivity they imparted to the air 
in the receiver. These measurements were made with a sensitive Dol-
ezeleck electrometer, and as the rods were directly exposed to the air, 
the conductivity imparted by them was due to all the types of rays which 
they emitted. 

In the paper referred to above by Professor McLennan it was shown 
that when measurements were made upon the conductivity of the gas as 
it came from the well, it exhibited a steady decrease, and fell to one half 

TABLE I. 

Conductivity of Natural Gas. 

Time. 

Hours. 

1 
1 
1 
2 

Minutes. 

4 
7 

15 
21 
27 
44 

31 
40 
46 

Current. 

Arbitrary 
Scale. 

288 
292 
296 
301 
307 
313 
320 
331 
335 
340 

Time. 

Hours. 

3 
4 
5 

12 
23 
47 
71 
95 

119 
1 145 

Minutes. 

41 
10 
55 
45 
20 
25 
15 
15 

Current. 

Arbitrary 
Scale. 

341 
340 
327 
310 
283 
215 
172 
135 
104.5 

78 

1 Rutherford, Radioactivity, page 274. 
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value in about 2.78 days. In the present investigation the gas was 
studied under slightly different circumstances. As soon as it was received 
from the well a rod was exposed in it at different times and under nega
tive electrification for different periods. The rod in each exposure was 
rendered active by the deposit of the substance causing excited radioac
tivity, and it was always found that the removal of the active rod was 
followed by a rise in the conductivity of the gas to a maximum value, 
after which it gradually fell according to an experimental law in the same 
manner as before. A typical set of observations on this variation in the 
conductivity is given in Table I., and a curve representing them is shown 
in Fig. 1. 

In this case a negatively charged rod was exposed at 11,000 volts in 
the gas for ten hours, and it will 
be seen from the values given above 
that the conductivity steadily rose 
and reached a maximum value in 
about four hours after the removal 
of the negatively charged rod. It 
will also be seen that after the 
maximum value was reached the 
conductivity fell to one half value 
in about seventy hours. 

In order to investigate how the 
activity excited in a negatively 
charged rod varied with the time 
of exposure, a series of exposures 
for different periods was made on 
one day and the results of these 
observations are given in Table II. 
and curves illustrating them are 
shown in Fig. 2. 

Before commencing this set of exposures a rod connected to the nega
tive terminal of the electrical machine was suspended in the gas for about 
two hours. It was then withdrawn and the first exposure was made. 
During the intervals which elapsed between the different exposures, the 
electric field was always applied in the same manner to the gas, with the 
object of making the exposures in the presence of a freshly produced 
disintegration product. 

The values given in Table II. and represented graphically in Fig. 2 
show that for all periods of exposure the radiation decreased initially, 
then reached a steady state which lengthened as the period of the 
exposure decreased, after which it dropped steadily and approached a 
zero value. 
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TABLE II. 

Two-minute 
Exposure. 

Time in 
Minutes. 

1 
2 
7 

11.5 
16.5 
21.5 
26.5 
31 
36 
41 
46 
51 
61 

Current 
Arbitrary 

Scale. 

25.0 
18.0 
9.5 
7.0 
4.5 
4.0 
5.0 
4.0 
5.0 
4.5 
3.5 
3.5 
3.5 

Forty-minute 
Exposure. 

1 
2 
6 

11 
16 
21 
26 
36 
41 
46 
52 
56 
61 

125.0 
122.0 
102.5 
96.0 
91.5 
93.0 
90.0 
82.5 
76.0 
73.5 
66.5 
61.0 
56.5 

Five-minute 
Exposure. 

Time in 
Minutes. 

1 
6 

11 
16 
21 
31 
36 
46 
51 
56 
61 

Current 
Arbitrary 

Scale. 

48.9 
28.0 
19.9 
19.3 
17.2 
16.2 
14.9 
12.0 
11.7 
11.6 
9.7 ! 

One-hour 
Exposure. 

4 
7 

11 
20 
25 
30 
35 
40 
45 
50 
55 
60 

154.3 
141.3 
130.8 
128.8 
126.3 
120.3 
116.3 
105.8 
100.8 
90.8 
83.3 
78.3 

Ten-minute 
Exposure. 

Time in 
Minutes. 

1 
2 
6 

11 
15 
25 
31 
37 
41 
45 
51 
56 
61 

Current 
Arbitrary 

Scale. 

61.0 
55.0 
39.5 
32.5 
29.0 
31.0 
30.0 
31.5 
30.0 
29.0 
24.0 
23.0 
21.0 

Two-hour 
Exposure. 

1 
5 
6 

11 
16 
26 
31 
36 
41 
46 
51 
56 
61 

196.7 
174.7 
173.7 
163.2 
154.2 
148.2 
141.7 
134.2 
126.7 
113.2 
108.7 
91.7 
92.7 

Twenty-minute 
Exposure. 

Time in 
Minutes. 

1 
2 
5 
6 

11 
16 
21 
26 
30 
36 
40 
46 
51 
56 
61 

Current 
Arbitrary 

Scale. 

79.5 
71.5 
56.5 
51.5 
49.5 
51.0 
50.5 
49.0 
50.0 
44.0 
44.5 
44.5 
39,5 
36.5 
35.5 

Four-hour 
Exposure. 

1 
4 

17 
35 
42 
52 
60 
65 
69 

252.3 
218.3 
184.3 
152.3 
137.3 
124.3 
108.0 
95.3 
89.5 

These curves on account of their similarity to those of Miss Brooks for 
exposure in the emanation of radium form another link in the chain of 
evidence which leads to the conclusion that the emanation found in 
natural gases has radium for its source. 

As stated above the results given in Table II. were obtained from 
observations made in one day upon the same gas. During this period as 
Fig. i shows, there was a gradual decay of the emanation. To determine 
the relation existing between excited radioactivity and the strength of 
the emanation producing it a series of exposures of five minutes duration 
was made on three succesive days in the same gas. 
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In making these measurements the conductivity of the gas was first 
determined, an electric field then applied as before and the exposure 

Fig. 2. 

made in the gas thus treated. The same procedure was followed on each 
day so as to maintain as far as possible the same conditions. The results 
of these observations are given in Table III. which contains a record of 
the decay of the activity excited on each of the days. 

TABLE I I I . 

Excited Radioactivity {Five-minute Exposures). 

Column I. ( 

Time 
in Minutes. 

1.52 
4 
5 

10 
15 
20 
25 
31 
35 
40 
45 
50 
55 
60 

First Day). 

Current 
(Arbitrary 

Scale). 

110.2 
70.2 
67.2 
40.2 
37.2 
38.7 
39.2 
38.8 
38.8 
37.3 
33.8 
31.3 
30.3 
31.8 

Column II. (Second Day). 

Time 
in Minutes. 

1.5 
9 

10 
15 
20 
24 
30 
35 
40 
45 
59 
63 

Current 
(Arbitrary 

Scale). 

90 
40 
32 
30 
35 
34 
35.6 
31.1 
30.1 
30.1 
26.1 
23.1 

Column III. 

Time 
in Minutes. 

1.5 
2.5 

10 
15 
20 
25 
30 
35 
40 
45 
55 
60 

(Third Day). 

Current 
(Arbitrary 

Scale). 

64.5 
55.5 
24.5 
27.5 
28 
28.5 
28.5 
27.5 
25.5 

I 25 
! 19 
: 20 
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The strength of the emanation present in the gas on each day is given 
in Table IV. 

T A B L E IV. 

Exposure. 

First day 

Third day 

Strength of Emanation. 

476 
394 
320 

From an inspection of these values together with the results in Table 
III. it will be seen, that a direct proportionality exists between the 
strength of the emanation and the amount of activity excited. 

T A B L E V. 

Excittd Radioactivity {Five-minute Exposure). 

Time in Minutes. 

1 
10 
20 
35 
40 
45 

Column I. 
(First Day) 

Current. 

110 
40.2 
38.7 
38.8 
37.3 
33.8 

Column II. 
(Second Day) 

Current. 

108 
38.4 
42 
37.3 
36.1 
36.1 

Column III. 
(Third Day) 

Current. 

94.8 
36 
41.1 
40.4 
37.4 
36.7 

Table V. contains a few of the results reduced on this basis. The 
values of the activity obtained in the first day are recorded in Column I. 
and the intensity of the emanation is assumed to be unity. Columns II. 
and III. contain the readings obtained on the second and third days cor
rected to an emanation of unit intensity. The general agreement of the 
values recorded in the three columns justify the assumption of the law of 
proportionality. 

In the experiments described in this paper the effects found were pro
duced by all the rays given off from the excited body. Experiments 
are now in progress to investigate these effects still further and especially 
to determine the decay curves on the basis of [i and y radiations. 

O N THE SECONDARY RADIATION EXCITED IN D I F F E R E N T METALS 

BY THE y RAYS FROM RADIUM. 1 

B Y H . F. D A W E S . 

I N a recently published communication A. S. Eve2 has shown that when 
A [i and y rays from radium of constant intensity are allowed to fall 
upon different metals there is produced at the surface of the metal a 

1 Abstract of a paper presented at the Philadelphia meeting of the Physical Society on 
December 30, 1904. 

2 Phil. Mag., December, 1904, p. 669. 
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M i 

ij$N!!) 

Fig. 1. 

secondary radiation consisting of /5 rays whose intensity varies with the 
different substances upon which the direct rays fall. 

In the method adopted by Eve of measuring the intensity of these 
secondary rays, the radium 
was contained in a glass re- @ 
ceptacle which was screened 
from a gold leaf electroscope 
by a thick block of lead. 
Plates of different metals were 
used as radiators and were so 
placed as to receive directly 
the exciting rays from the 
radium and at the same time 
permit the secondary rays 
emitted by the plates to fall 
upon a thin aluminium win
dow in the side of the electro
scope. 

His results which were ob
tained with a long series of 
different materials go to show 
that the intensity of the secondary rays emitted was approximately pro
portional to the density of the material used as radiator. 

In the following note the results are given of a series of experiments 
of a similar nature and as the method by which they were obtained is 
somewhat different from that of Eve they may be of interest as forming 
a supplement to his investigation. The method followed is illustrated 
in Fig. 1. A quantity of radium bromide (30 mg.) was placed at the 
center of a lead cylinder 6 cm. long and 6 cm. in diameter and over the 
cylinder there was placed a series of 13 plates of different substances. 
The whole, which was enclosed in a narrow water jacket so as to be kept 
at constant temperature was placed between the poles of a strong electro
magnet with the uppermost plate in the center of the field. 

A large block of lead about 3 cm. thick and of the shape indicated in 
the figure was closely fitted about the water jacket and upon this lead 
block was placed a gold leaf electroscope which was provided with a 
window of very thin aluminium foil on the side facing the pile of plates. 
With the exception of the platinum each of the plates was approximately 
5 mm. in thickness, a size selected as being probably sufficient to cut off 
the secondary rays coming through a plate from the one below it. A 
magnetic field of 1,400 C.G.S. units was applied as shown by the circle 
in the figure so as to deflect the secondary rays issuing from the upper
most plate either towards the window of the electroscope or away from it. 
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In order to obtain a measure of the intensity of the secondary radia
tion emitted by the different substances each of the plates was in turn 
made the uppermost of the series and as the rays emitted by the radium 
always traversed the whole series the constancy of the exciting radiation 

Tates of Discharge. {Arbitrary Scale.) 

Radiator. 

Lead 

Platinum 
Silver 

Zinc 
Tin 

Aluminum,, . 

Brass 

Gold 

Cadmium 

Copper 
Wood 
Bismuth 

Column I. 

No Field. 

115 
123 
115.8 
115.8 

123.1 

107.3 

112.2 
107.8 

114.2 

120 
111.1 

117.2 
113.9 

Column II. \ Column III. Column IV. 

Field On (1,400 ! „ . , , _ » 
C.G.S. Units). | F i e l d Reversed. 

179.2 
186.7 

166.9 
165.2 
169.4 

147.5 
157.4 

154.4 

119.3 

126.5 
118 

116 
122.5 
106.6 

117.3 
118 

154.1 ! 118.1 
163.4 120.6 

150.7 114.5 
153 113.2 
149.9 114.7 

Percentage In
crease. 

53.9 

50.1 

42.5 
42.4 

38 
37.9 
37.9 
37.1 

36.3 

35.9 

33.5 
32.9 

31.5 

was by this arrangement insured. The deflection of the gold leaf was 
observed by means of a microscope provided with a micrometer eye
piece and in making the measurements the rate of discharge of the elec
troscope was observed ( i ) without the application of a magnetic field, 
(2) with the field applied so as to deflect the secondary rays into the 
electroscope and (3) with the field reversed so as to deflect them away 
from it. Numbers representing rates of discharge under these circum
stances are given in Columns I., II. and III, respectively, of the above 
table. 

From these it will be seen that for any one radiator the number in 
Column I. differs but slightly from that given in Column III. which 
would seem to indicate that with no magnetic field applied very little of 
the secondary radiation from the uppermost plate penetrated the electro
scope. This conclusion is confirmed by the fact that all the rates for the 
different metals under no magnetic field showed but little variation. The 
numbers given in Column II. show that the rate of discharge was greatly 
increased when the magnetic field was applied so as to deflect the second
ary rays from the uppermost plate into the electroscope. 

The rates given in Column I., represent the conductivity of the air in 
the electroscope due to the following causes (1) natural ionization, (2) 
the penetrating rays from the radium and (3) the secondary rays set up 
at the inner walls of the electroscope itself by the rays which penetrated 



No. 3.] THE AMERICAN PHYSICAL SOCIETY. I 85 

them and for the reasons given above the numbers in Column III. may 
be taken to represent the conductivity in the electroscope arising from 
the same causes. On the other hand the conductivity represented in 
Column II. is due, in addition to the above sources of ionization, to the 
secondary rays which were deflected by the magnetic field into the elec
troscope, and hence with each plate the increase in the rate of discharge 
in the second over that in the first or third series of the observations may 
be taken as a measure of the intensity of the secondary radiation which 
it contributed. In Column IV. this increase in the rate is stated as a 
percentage of the mean of the corresponding numbers in Columns I. and 
II. It will be seen from the readings of this column that while the 
secondary radiation from lead and platinum was high that from gold was 
relatively low. The intensity of the radiation from aluminium was also 
comparatively high and generally it would not appear from these results 
that the secondary radiation is even approximately proportional to the 
density of the substance used as radiator. 

Magnetic fields ranging from 1,000 to 2,000 C.G.S. units were in turn 
applied with a number of the plates but no variation in the increased 
rate of discharge was observed from which it seemed evident that the 
field of 1,400 C.G.S. units was sufficient to deflect all the secondary rays. 

E F F E C T OF PRESSURE ON THE ELECTRICAL RESISTANCE OF 

SELENIUM CELLS.1 

B Y F A Y C I . U F F B R O W N . 

/ I T H the idea of explaining the action of selenium when heated 
or illuminated, I have investigated the conductivity of several 

selenium cells under pressures as high as 600 atmospheres. In general 
the cells were made after the method of S. Bid well.2 Hydraulic pressure 
was obtained by use of a Caillettet pump with some improvements de
signed by Professor Carman. I give below one set of data for one cell, 
and a curve showing how the resistance varies with pressure. 

k.gm. Pressure --"•----
cm.J 

218 
150 
120 
100 

Resistance Ohms. 

63,900 
72,510 
76,980 
79,790 

„ k.gm. Pressure 
cm.-

70 
50 
30 
0 

Resistance Ohms. 

84,400 
87,800 
91,150 
96,000 

1 Abstract of a paper presented at the meeting of the Physical Society held on Febru
ary 25, 1905. 

2 Phil. Mag., 1891, 250. 

W 
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The cell was kept in a receiver which was packed in ice. The time 
necessary to reach the ice temperature after change of pressure was de
termined by separate experiment, so as to avoid temperature corrections. 

From this curve and data one can see how definite and uniform is the 
effect of pressure. It is as remarkable as the effect of heat and light on 
the conductivity of the selenium cell. 

Our work on selenium is still in progress. At a later date I shall 
given a complete report on the work and shall then discuss the elimination 
of the sources of error. 

So far as I have been able to find out, in looking through Science 
Abstracts and the Beiblatter there has been no work done on the conduc
tivity of selenium under pressure. 

This work has been carried on under the direction of Professor A. P. 
Carman. 

T H E RELATION BETWEEN ELECTRICAL CONDUCTIVITY AND T H E 

R A T E OF GAS CONSUMPTION IN T H E ORDINARY GAS FLAME. 1 

B Y F. L. T U F T S . 

^
~^HE investigations were carried on by the use of platinum electrodes, 

coated with calcium oxide, for the purpose of reducing the elec
trode resistances, and heated to incandescence by separate electrode 
flames. The flame, the conductivity of which was to be measured, was 
placed as a connecting flame between the two electrode flames. The 
conditions in the connecting flame could thus be varied without changing 
in any way the conditions about the electrodes. In the present investi
gations the burner used for the connecting flame had a narrow slot, 21 
cm. long, cut in soapstone. 

The investigations so far made upon the electrical conductivity of 
luminous and nonluminous gas flames seem to warrant the following con
clusions : 

The conductivity of the connecting flame is not altered by the intro
duction of small platinum wires which become heated to incandescence. 
In other wrords the presence of incandescent bodies does not appreciably 
increase the total amount of ionization in the flame. 

Such wires when connected with an electrostatic voltmeter can be used 
to investigate the potential gradient in the connecting flame, and the 
gradient thus found is the gradient which exists in the flame when the 
voltmeter wires are not inserted. 

1 Abstract of a paper presented at the Philadelphia meeting of the Physical Society on 
December 30, 1904. 
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If the height of the connecting flame is uniform the gradient is found to 
be uniform between the two electrode flames. 

The conductivity of a given cross-section of the flame, taken between 
faces perpendicular to the line joining the electrode flames, may be found 
by dividing the current, flowing between the electrode flames, by the 
potential difference between the two faces of the cross-section ; the 
potential difference being found by inserting two wires connected to an 
electrostatic voltmeter, as described above. 

The conductivity of a given cross-section, obtained in the above man
ner, has been found to vary directly as the quantity of gas consumed by 
the flame per second, so long as the character of the flame (luminous or 
non-luminous) remains the same, and the same burner is used. 

The conductivity of the luminous flame is less than that of the non-
luminous flame, consuming the same quantity of gas per second. With 
the burner used in these investigations it was found to be about twro thirds 
as great. 

When salt spray, from an atomizer containing a solution of the salt, is 
introduced into the flame, the conductivity imparted to the non-luminous 
flame is greater than the conductivity imparted to the luminous flame ; the 
quantity of salt spray supplied to the flames being the same. 

W7hen acetylene gas was used with the same burner the conductivity of 
the non-luminous flame was found to be over two and a half times the con
ductivity of the luminous flame consuming the same quantity of gas per 
minute. For the same volume of gas consumed per minute, the conduc
tivity of the non-luminous acetylene flame was found to be over three 
times the conductivity of the non-luminous gas flame consuming ordinary 
city gas. In both cases the conductivity was very nearly directly propor
tional to the volume of gas cousumed per minute. 

Conductivity measurements were made upon a flame of pure hydrogen 
gas burned in the same burner. The conductivity of the pure hydrogen 
flame increased very much more rapidly than the volume of gas consumed. 
With a consumption of one tenth of a cubic foot per minute the conduc
tivity was only about three and a half per cent, that of the non-luminous 
flame of illuminating gas, while with a consumption of five tenths of a 
cubic foot per minute the conductivity was over twenty-eight per cent. 
that of the non-luminous flame of illuminating gas, consuming the same 
volume per minute. 

COLUMBIA UNIVERSITY. 
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T H E ELIMINATION OF GAS ACTION IN EXPERIMENTS ON 

L I G H T PRESSURE. 

BY G. F. HULL. 

WHEN light is thrown on one vane of a torsion system suspended in 
a partial vacuum, the "Crookes Effect'' or gas action is eliminated, 

leaving only light pressure effective, in the following ways : ( i ) by mak
ing the vane accurately verticle ; ( 2 ) by enclosing the absorbing or reflect
ing surface; (3) by making the vane a cylindrical surface having its axis 
coincident with the suspending fiber; (4) by using inclined surfaces and 
polarized light. 

Experiments are described and data given showing that the gas action 
is eliminated through large ranges of air pressure varying from about half 
an atmosphere up to few millimeters of mercury. 

A simple lecture room experiment is described for demonstrating that 
light pressure on a reflecting surface is greater than that on an absorbing 
surface in the ratio of 1 + rx to 1 + r2 where rx and r% are the reflection 
coffiecients of the two surfaces. 

T H E MAGNETIC SUSCEPTIBILITY OF W A T E R . 1 

BY A. P. WILLS. 

THE method employed in determining the magnetic susceptibility of 
water is quite similar to that which was used by the author some 

years ago in finding the susceptibility of solid substances. It is fully 
described in another place.2 Briefly it consists in suspending from the 
arm of a sensitive balance a vessel containing water so that its lower edge 
is in a very strong magnetic field, and then measuring the mechanical 
force by means of the balance which the magnetic field exerts upon vessel 
and water; afterwards eliminating the effect of the vessel by repeating 
the procedure with the vessel empty which gives the data necessary to 
compute the action of the field upon the water alone. 

The containing vessel was prismatic in shape, having inside dimensions 
9.0 cm. x 3.65 cm. x .601 cm. the latter two, only, having to be 
accurately known. The long edge was vertical and perpendicular to the 
field, and the medium edge horizontal and perpendicular to the field. 

The pole-pieces were separated by a distance of 1 cm. and their pole-
faces were 6 cm. wide and 1 cm. high. 

1 Abstract of a paper presented at the Philadelphia meeting of the Physical Society on 
December 30, 1904. 

2 PHYS. REV., April, 1898. 
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The principal advantage of the method, apart from the facility with 
which it may be employed, lies in the accuracy with which the field 
strength of the magnet may be determined. 

This was done by simply measuring with the balance the force on a 
conductor of known length, carrying a current of known strength, exerted 
by the field. The conductor was a strip of very thin tin foil pasted on 
the walls of the containing vessel. This is, I believe, by far the most ac
curate method known for measuring the strength of a magnetic field. 

If A be the horizontal sectional area of the slab of water, P the 
mechanical force, k the coefficient of magnetic susceptibility of water, 
II the strength of the magnetic field at the bottom of the vessel, HQ that 
at the top, all in C.G.S. measure, then 

H0
2 was negligible in comparison with H1; hence the working formula was 

2P 
k= ——. 

AIP 

The following results were obtained at 180 C.: 

H 
4,190 
5,620 
7,430 
8,890 
9,520 

k >< 10 6 

— 0.721 
— 0.720 
— 0.718 
— 0.718 
— 0.720 

// 
10,570 
12,530 
13,310 
15,310 

k X 106 

— 0.718 
— 0.724 
— 0.718 
— 0.724 

The constancy of the coefficient with variable field thus appears to be 
verified. 


